The heart develops left ventricular hypertrophy (LVH) in response to increased afterload in order to compensate for its wall stress and to maintain normal cardiac function.' Although the development of cardiac hypertrophy is itself an adaptive phenomenon, it is an important cause of increased morbidity and mortality.2 Thus cardiac hypertrophy has recently attracted attention as an important risk factor influencing the prognosis of patients with hypertension. Recently, much data have been accumulated with regard to the molecular mechanisms of cardiac hypertrophy. Recent advances include demonstration of the existence of the local renin-angiotensin system in the heart3 and involvement of angiotensin II in the formation of cardiac hypertrophy.4
The heart develops left ventricular hypertrophy (LVH) in response to increased afterload in order to compensate for its wall stress and to maintain normal cardiac function.' Although the development of cardiac hypertrophy is itself an adaptive phenomenon, it is an important cause of increased morbidity and mortality.2 Thus cardiac hypertrophy has recently attracted attention as an important risk factor influencing the prognosis of patients with hypertension. Recently, much data have been accumulated with regard to the molecular mechanisms of cardiac hypertrophy. Recent advances include demonstration of the existence of the local renin-angiotensin system in the heart3 and involvement of angiotensin II in the formation of cardiac hypertrophy. 4 In this paper we examine signal transduction pathways in cardiac hypertrophy that are induced by stress, and how the relation between mechanical stress and the local reninangiotensin system affects cardiac hypertrophy. To test this hypothesis we examined the activities of these kinases in stretched cardiomyocytes. 17 We first examined whether mechanical stretch activates Raf-1 in cultured neonatal rat cardiomyocytes. Raf-1 was activated as early as one minute, with maximum activity at two minutes after stretch (fig 1) . Raf-1 activity decreased progressively and returned to basal levels at 30 minutes after stretch. Next, we investigated whether stretching of myocytes activates MAPKK. Stretch for one to 10 minutes significantly increased MAPKK activity. MAPKK activity was maximally activated five minutes after stretch and gradually decreased thereafter. Kinase activity returned to control levels at 30 minutes after stretch. We measured MAPK activity using myelin basic protein containing gels. An increase in the phosphorylation levels of myelin basic protein induced by 42 kDa and 44 kDa MAPK. Activity returned to control levels at 30 minutes after stretch ( fig 2) . Preliminary data showed that stretching of myocytes for 10 minutes increases p9Orsk activity.'8 We investigated the time course of stretch induced p9Orsk activation. Activation was not observed at two minutes after stretch. An increase in activity was detectable at five minutes. The activity peaked at 10 minutes, and was sustained at higher than basal levels for at least 30 minutes after stimulation. At 60 minutes the activity returned to basal levels. '7 We have shown the signalling pathways evoked by mechanical stress in neonatal rat cardiac myocytes and that stretching of myocytes sequentially activates Raf-1, MAPKK, MAPKs, and p9Orsk. It We also measured angiotensin II in "stretch conditioned media" by radioimmunoassay using specific antibodies. An increase in angiotensin II concentration was detected in some but not all samples. The concentration of angiotensin II in the culture medium of nonstretched myocytes was below three pM. Using an in vitro model similar to ours, other investigators have also reported that mechanical stretch causes direct secretion of angiotensin II from cardiomyocytes and that stretch induced hypertrophic responses are completely dependent on secreted angiotensin II.29 Thus stretch itself may stimulate MAPK activity, and the autocrine or paracrine mechanisms of angiotensin II may contribute in part to the development of stretch induced cardiac hypertrophy.
Conclusions
In conclusion, angiotensin II plays a critical role in MAPK activation in cardiac myocytes as an "exogenous" factor of mechanical stress. There are also "endogenous" factors in cardiac myocytes during mechanical stress. In other words, mechanical stress itself may evoke a hypertrophic response, and secreted angiotensin II may evoke hypertrophy promoting signals and amplify the response. We cannot rule out the possibility of contamination by cardiac non-myocytes, especially endothelial cells which may contribute to the production of angiotensin II, because it is known that a large part of ACE activity in the heart is localised to endothelial cells.30 Our studies using an in vitro system of stretching cultured myocardial cells suggest the following sequence of protein kinase phosphorylation cascade: external mechanical stress -+ Raf-1 --MAPKK --MAPKs p9Orsk. We also showed that a type 1 angiotensin II receptor antagonist inhibits intracellular signals associated with cardiomyocyte hypertrophy, and that angiotensin II is directly secreted from stretched cardiac myocytes. This suggests that the local renin-angiotensin system plays a crucial role in the development of pressure overloaded cardiac hypertrophy. However, further investigation is necessary to clarify the precise molecular mechanisms by which mechanical stress induces biochemical signals and stimulates angiotensin II secretion.
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